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MACHINE STRUCTURAL STEEL PRODUCT 



(57) The present invention is directed to a steel 
product for machine structural use having excellent 
machinability and to a structural steel part for machinery 
manufactured from the steel product. More particularly, 
the invention is directed to a steel product for machine 
structural use having excellent machinability, particu- 
larly bringing about excellent "drill life" and exhibiting 
excellent "chip disposability" in the course of drilling, as 
welt as to a structural steel part for machinery manufac- 
tured from the steel product. The steel product for 
machine structural use has a chemical composition 
comprising, in mass percent, C: 0.05% to 0.55%; Si: 
0.50% to 2.5%; Mn: 0.01 % to 2.00%; P: not greaterthan 
0.035%; S: 0.005% to 0.2%; N: not greater than 
0.0150%; elements to be added as needed: Cu, Nl, Cr, 
Mo, V, Nb, Ti, B, Al, Bi, Ca, Pb, Te, Nd, and Se; -23C t 
St(5 - 2Si) - 4Mn + 104S - 3Cr - 9V + 10 > 0; 3.2C + 
O.SMn + E.2S + 0.5Cr - 120N + 2.6Pb + 4.1 Bi - 0.001« 2 
+ 0.13a S 3.0; and balance: Fe and incidental impuri- 
ties; percentage of ferrite in microstructure being 1 0% to 
80%; and Hv hardness being 160 to 350. In the above 
expressions, a represents the area percentage in % of 
a ferrite phase in the microstructure. The structural stee! 
part for machinery can be manufactured relatively easily 
from the steel product for machine structural use 
through machining. 
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Description 
TECHNICAL FIELD 

ery manufactured from the steel product. 

10 

BACKGROUND ART 

final treatment. mar , h inahilitv are classified according to a machinability-enhancing elements) 

20 [0003] Steels having excellent mach.nabH.ty ™ c ^™'^_^ Titype and graphite type. In many cases, 
added, into S (sutfur) type, Pb lead) type, ^^^J^^^^^ a ca icium deoxidized 



, connect- 



rOQ051 Add Hon o! a large amount oi ru, o, «■ ^ ■»» ' - 

above mentioned conventional* popular freeing steels may be J^'^ 
manufacture of structural steel parts fo^^^ 
ing rods, and printer shafts, but may encounter difficulty ^f'"^^^ armS . 

increases, and toughness itself is impaired WG98/23784 discloses a free-cutting steel product 

[0006J As ™ emeasure * C ° pe " ^ o% by mass in the form of a finely dispersed Ti 

> for machine structural use, which contains Ti in an amount or o.w ro u/ ° J „ roDOSe d in this publication can 

Wwmmmim 
■wmimmmm 

does not take chip disposability into consideration. 



DISCLOSURE OF THE INVENTION 

[0008] An object of the present invention is to provide a steei product for machine |^ ™ ™" fl J^ 
machinabirrry; specifically, bringing abo U . excellent "drill Ife" and exhibiting excellent -chip disposab,!^ ,n the c sr.. 
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of drilling therein a so-sailed "deep hole" having a (hole cispth)/(hole diameter) ratio of not less than 6 Jay use of a drill 
made of a conventional Co-containing high-speed stael (a so-called "high-speed steei drill"), as well as to provide a 
structural steel part for machinery manufactured from the steel product. Herein, a steel product for machine structural 
use and a structural steel part for machinery of the present invention have a target Vickers hardness (hereinafter called 
Hv hardness) of 160 to 350 and bring about a "drill life" of not less than 150 drilled holes. Specific examples of structural 
steel parts for machinery that must have these characteristics include crank-shafts, connecting rods, and printer shafts. 
[GP09] Another object of the present invention is to provide a steal product for machine structural use exhibiting an 
absorbed energy at room temperature (yE HT ) of not less than 40J as measured in an impact test conducted by use of 
a No. 3 test piece for a Charpy impact test specified in J IS Z 2202 as well as having an Hv hardness of 1 60 to 350 men- 
tioned above and machinability mentioned above in terms of "drill life' and "chip disposability," as well as to provide a 
structural steel part for machinery manufactured from the steel product. Examples of structural steei parts for machin- 
ery that must have these characteristics include wheel hubs, spindles, knuckle arms, and torque arms. 
[0010] Notably, an Hv hardness of 160 to 350 corresponds to a tensile strength of about 520 to 1100 MPa. 
[001 1 ] The gist of the present invention is as follows: 

[0012] A steel product for machine structural use having a chemical composition comprising, in mass percent, C: 
0.05% to 0.55%; Si: 0.50% to 2.5%; Mn: 0.01% to 2.00%; P: not greaterthan 0.035%; S: 0.005% to 0.2%; Cu: 0% to 
1 .5%; Ni: 0% to 2.0%; Cr: 0% to 2.0%; Mo: 0% to 1 ,5%; V: 0% to 0.50%; Nb: 0% to 0.1 %; Ti: 0% to tess than 0.04%; 
B: 0%to 0.01%; Ai: not greater than 0.04%; N: not greaterthan 0.015%; Bi: 0%to 0.10%; Ca: 0%to 0.05%; Pb: 0% to 
0.12%; Te: 0% to 0.05%; Nd: 0% to 0.05%; Se: 0% to 0.5%; value of fn1 represented by equation (1) below: not less 
than 0; value of fn2 represented by equation (2) below: not tess than 3.0; and balance: Fe and incidental impurities; an 
area percentage of a ferrite phase in a microstructure being 10% to 80%; and Hv hardness being 1 60 to 350; 

fn1 = -23C + Si(5-2Si)-4Mn + 104S-3Cr-9V + 10 (1} 

fn2 = 3.2C + 0.8Mn + 5.2S + 0.5Cr-120N+2-6Pb+4.1Bi - O.001c 2 + 0.13a (2) 

where an element symbol appearing in equation (1) or (2) represents the content in mass percent of the corre- 
sponding element, and a represents the area percentage in % of the ferrite phase in the microstructure. 
[001 3] Preferably, in order to obtain sufficient toughness, in the above-mentioned chemical composition of the steel 
product for machine structural use, the S content, in mass percent, is 0.005% to 0.080%, and the value ot fn3 repre- 
sented by equation (3) below is not greater than 1 00. 

fn3 = 100C + 11Si + 18Mn + 32Cr+45Mo+-6V (3) 

Where an element symbol appearing in equation (3) represents the content in mass percent of the corresponding 
element. 

[0014] Preferably, in the above-mentioned chemical composition of the steel product for machine structural use, the 
S content in mass percent is 0.005% to 0.080%; the value of fn3 represented by equation (3) is not greater than 1 00; 
and the value of fn4 represented by equation (4) below is not less than 5.0, thereby imparting sufficient toughness to a 
structural steel part for machinery. In this case, structural steel parts for machinery formed from the steel product 
through hot forging can be free from occurrence of a defect which would result in rejection thereof as defective articles 
in nondestructive testing, such as ultrasonic testing or magnetic particle testing. Furthermore, when the structural steel 
parts for machinery are subjected to surface hardening serving as a final treatment, such as carburizing or induction 
hardening, cracking of the structural steel parts can be prevented. 

fn4=n,/n 2 (4) 

where represents the number of inclusions having a maximum diameter of 0.5 urn to 3 urn, and n 2 represents 
the number of inclusions having a maximum diameter in excess of 3 um as observed in a longitudinal section of the 
steel product. 

[0015] Preferably, in orderto enable structural steel parts for machinery to bring about longer drill life, in the above- 
mentioned chemical composition of the steel product for machine structural use, the Mn content in mass percent is 
0.15% to 2.00%; the S content in mass percent is in excess of 0.080% and not greaterthan 0.2%; and the value of fn1 
represented by equation (1) is not less than 7.5. 

[0016] Drilling conditions are as mentioned previously; specifically, a so-called "deep hole" having a (hole 
depth)/(hole diameter) ratio of not less than 5 is drilled by use of a conventional Co-containing high-speed steel drill, 
The above-mentioned "hole" may be a so-called "blind hole," which does not extend through the object of drilling along 
a drilling direction, or may be a "through-hole," which extends through the object of drilling. 
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mm 71 When a sinqle hole is drilled, chips otherthan a chip Which is ejected from a drill tip immediately after start 
KLa blk n va o s shapes Fn2 Resented bv aquation ;2) serves as the ■ index of chip disposabWty' indicative 

of fn2 equal to or less than 0 are all defined as "0." 

[QMS] The area percentage in microstructure is obtained through microscopic observaton. 
S in the present Invention, the "longitudinal section" (hereinafter, called an 'l-section) cf a steel product 
See a^cflon of the steel product taken along a centerline of the same in parallel wrih arrach.ningcrect^The 
^Sm^ter^ of an incLion denotes a diameter as rreasureo across the widest portion of an mclusion on an 
L-seetior.." 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG 1 is a view showing the relationship between the value of the "index of chip disability" fh2 indicative of chip 
disposability" and represented by equation (2) and the state of breakage of chips; 

FIG 2 is a graph showing the relationship between the Si content and the amount of toolbar on turn ng i ste Is 
having a basic chemical composition of 0.43%C.0.6%Mn-0.02%P-0-10o/oS-O.S%Cr-0.01%AI-0.005 % N, where /. 

^tfsT^pSng the relationship between the Mn content on the number of drilled holes indicate , * f drill 
ffle *TJS^?**> chemical composition of 0.1S%C-1 .C^Si-O^P-O.OS^ 

f^sa^^^ 

inclusions and represented by equation W in steels having a bas.c chemical composfton of 0.43 >4C1 .0 /oSi 
0 02%F-0.05%S-0.5%Cr-0.01%AI-0.005%N, where denotes "mass percent"; nrtir<athM riri n 

FIG 5 is a oraph showing the relationship between the Si content and the ^^^^^'^^ Q ^ 
life in steals having a basic chemical composition of 0.43%C-0.6%Mn-0.02%P-0.04%S-0.5%Cr-0.01%AI- 

having a bSm°o2co^ of 043%C-0^,>-0.^^ 



BEST MODE FOR CARRYING OUT THE INVENTION 

ra02ll The present inventors have examined and studied the effects of chemical compositions and microstores 
S products on Lhlnability of the same as wei. as on hardness and toughness, which serve as parameters of 



machinabllity and mechanical performance. 
[00221 As a result, the inventors have obtained the following findings: 



(a) Through control of the area percentage of the ferrite phase in the microstructure of a steel product there can 

"ferrite phase" is catted merely "ferrite." The "area percentage" may be called merely percentage, 
(5 Through employment of an fn1 value of not less than 0 as caicuiated by equation (1) when a ^***P 
ho a" havmg a (Eote depth)/(hole diameter) ratio of not leas than 5 is drilled in a structural stee part for machmery 
having a high HV hardness of 1 60 to 350 by use of a conventional Co-containing high-speed steel dr.ii, a dnll l,fe 
of not less than 150 drilled holes can be attained. ,.,.„_, t , ♦■ in /hi 

<c) Through empioyment of an fn1 value of not less than 7.5, the number ^^^^^JS oaS 
can be increased to 300 or more. Accordingly, an increase in S content ,s effective for those structural steel parte 
for machinery, such as crank-shafts, to which drill fife in the course of deep-hole dnihng Is qurte important, but 

tS^T^Z°Zo^m" serving as a parameter of machinabllity stabilizes and extends drii, life in 

(e n addition to appropriate control of the percentage of ferrite in microstructure ernp oyment of an n : value , of 
St less than 3.0 aTcLlated by equation (2) improves chip disposability n dnihng the above-mem one b hg- 
hardness structural steel part for machinery, thereby faceting disposal of chips. Thus, drill Ife can be stably 
^tended Since the need to dispose of chips can be eliminated, work operations can be automated. 
( Em i^e^JTS «lue of not greater than 100 as caicuiated by equation (3) imparts favorable toug ness 
2 a «ral stee! part for machinery having a high Hv harness of 160 to 350. Specifically, the structural stee, 
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part for machinery exhibits an absorbed energy at room tempore of rot less than , 40J as measured in 
animp a ctt6stconduct e dbyuseofaNo.3testpi6C8{o.'CharpyimaacttestspecrfiedinJISZ2202. _ 
(g) Through employment of an fn4 value of not less than 5.0 as ca:culated by equation (4) in relation a mc lusions 
observed on the L-seetion of a steel product, structural steel parts for machinery formed from the steel through for 
example, ho, forging can be free from occurrence of a defect which wou.d result ^«X^ZZ 2Ta 
articles in nondestructive testing, such as ultrasoni: testing or magna* part.ce testing, Furthermore when a 
structural ^ part for machinery is subjected to surface hardening serving as a final treatment, such as carbunz- 
Ing or induction hardening, cracking of the structural steel part can .be prevented. ^ 

10 rpoaa] The present invention has been accomplished on the basis of the above findings. c0n 
[0024] Requirements of the present invention will next be described in detail. The symbol indicative of the con- 
tent of each element means "mass percent." 

Chemical Composition of Steel Product 

C: 0.05% to 0.55% 



20 m nabir.ty.Wh the C content is less than 0.05 t effects are hardly y.etde V* r tr . c nton , « 
chip disposal u dor decrease t of tool w or, tun ,g ,r * < ^ 

on turning Is shortened. Particularly, when the C content is in excess rto^vg^ti^****^ 
tool wear on turning are all impaired. Accordingly, the C content is specified as 0.05% to 0.55 

ss SI: 0,60% io 2.5% 

[0026] SI Is an element effective in Improvement of mixability. An Si content of 

Lweier, the machinability improvement effect is saturated when the Si content reaches about 2.0 

tent is in excess of2.5%, the form of deformation of chips shifts to inte« 
3 o change in chip thickness. Thus, the tool life is shortened. Accordingly, the Si content .s specified as 0 50 1 A to 

Stfon of Si does not contribute much to improvement in hardness; however, addition of a large amount of Si deter o- 

machinability are to be employed as steel stock for parts requiring high toughness, such as wheel hubs, spinas, 
ZL arms, and torque arms, attention must be paid to balance between improvement in machinable and mtlnta- 
35 nance of toughness. 

Mn: 0.01% to 2.00% 

[0027] Addition of Mn enhances hardness and improves tou ghness, Furthermore ^addition of Mn enhances .hot 
40 workability, through fixation of S contained in steel. However, an Mn content of less than 0.01% Ms to yield these 
Tfit By contrast, these effects are saturated when the Mn content reaches about 2.00%. Accordingly, the Mn content 

pO^'^P^SThf Mntntent k varied in cooperation wrth the S content, which will be described later, accord- 
ing to required characteristics of structural steel parts for machinery. 

45 O029] Specially, when structural st^ 

case of wheel hubs, spindles, knuckle arms, and torque arms, the Mn content is preferably decreased as much as pos- 
Se soTong as a desired hardness can be imparted to the structural steel parts, while the 8 con tent ««*oM » 
0 005% to aO80%. Specifically, the upper limit of the Mn content is preferably 1 .50%, more preferably .00%. When the 
Mn content is decreased, mainly the amount of MnS is decreased, thereby fining and dispersing mclusions and thus 

so preventing cracking when surface hardening is performed as a final treatment. . 
ro030] When structural steel parts for machine^ must have very high toughness and machinabitity, the upper limit 
of the Mn content is more preferably 0.50% at the above-mentioned S content. When the upper ton* of the , Mn , cerrte nt 
is 0.30%, toughness, particularly toughness at low temperature, can be enhanced. Furthermore, m^biWy is 
improved, and the amount of MnS Inclusions decreases, thereby aecreasing the amount of inclusions having a max,- 

ss mum diameter in excess of 3 urn, and thus further fining and dispersing inclusions. 

Si When structural steel parts for machinery must have good machinable but are required to have only mod- 
erate toughness, the Mn content's preferably not less than 0.1 5% in order to fix S while the S content is in excess of 
0.080% and not greater than 0.2%. More preferably, the lower limit of the Mn content is 0.30%. 
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P: not greater than 0.035% 

[O032J Addition of P impairs hot workability. Particularly, when the P content is hi excess of 0.035%, hot workability 
is impaired significantly. Accordingly, the P content la specified as not greater than 0.035%. 

S: 0.005% to 0.2% 

100331 S, when added, forms MnS in steel to thereby improve machinability, particularly the tool life on turning. 
However, when the S content is less than 0.005%, this effect is hardly yielded. When the S content is in excess or 0 2% 
cracking often occurs in products.in the course ofsurface hardening, such as carburizing or induction Hardening, result- 
ing In defective products. Accordingly, the S content is specified as 0.005% to 0.2%. 

[0034] Preferably, the S content is varied according to required characteristics of structural Steel parte for machin- 

[0035] Specifically, when structural steel parts for machinery must have high toughness and machihabllsty as in the 
case of wheel hubs, spindles, knuckle arms, and torque arms, preferably, the tn3 value is not greater than 100, and the 
S content is 0.005% to 0.080%. This is because, when the S content is in excess of 0.080%, the amount of MnS inclu- 
sions having a maximum diameter in excess of 3 urn as observed on the L-seotion increases; as a result, anisotropy of 
toughness becomes conspicuous, or toughness itself may deteriorate in some cases. 

[0036] Enhancing machinability of high-hardness steel products without involvement of conspicuous anisotropy of 
toughness requires means for decreasing the maximum diameter of MnS inclusions as observed on the L-sectlen while 
enhancing machinable Thus, according to the present Invention, the combination of alloy elements and the percent- 
age of ferrite are appropriately controlled. When attainment of toughness is very important, the upper limit of the S con- 
tent is preferably 0.035%. in this case, through strict control of the combination of alloy elements and the percentage of 
ferrite sufficient machinability is attained. When attainment of toughness is far more important, the upper Imit of ths S 
content is preferably 0.02%. In this case, for example, the Si content is increased; the Mn content is decreased; and Cr 
and V are added in the respective appropriate amounts, thereby attaining sufficient machinability. 
[0037] When structural steel parts for machinery require only moderate toughness but must have good machinabil- 
ity as in the case of crank-shafts, connecting rods, and printer shafts, S is contained preferably in an amount in excess 
of 0.030%. In this case, the number of drilled holes serving as the "drill life" in the course of drilling deep holes can reh- 
i ably attain 300 or more. 



Cu:0%io1.5% 

[00381 Cu may not be added. Addition of Cu improves hardness. Furthermore, Cu forms a sulfide within a steel, 
as thereby improving machinability. In the case of so-called "soft" structural steel parte for machinery having an Hv hard- 
ness of 1 60 to 280, in order to reliably obtain these effects, the Cu content is preferably not less than 0.02%, more pref- 
erably not less than 0.05%. In the case of so-called "hard" structural steel parts for machinery having an Hv hardness 
in excess of 280 (in the present invention, an Hv hardness in excess of 280 and not greaterthan 350), in orderto reliably 
obtain these effects, the Cu content is preferably not less than 0.2%. However, when the Cu content is in excess of 
* 1 5% hot workability decreases significantly. Accordingly, the Cu content is specified as 0% to 1 .5%. 



Ni: 0% to 2.0% 

[0039] Ni may not be added. Addition of Ni enhances hardness and toughness. In the ease of steel products to 
45 quenched, addition of Ni enhances hardenability. In order to reliably obtain these effects, the Ni content is preferably t 
less than 0.2%. However, when the Ni contant is in excess of 2.0%, these effects are saturated. Furthermore, adhesi 
of chips to a tool becomes intensive, resulting in shortened tool fife. Asa result, production costs increase; i.e., eeono 
leal efficiency is impaired. Accordingly, the Ni content is specified as 0% to 2.0%. 



so Cr:0%to2.0% 

[0040] Cr may not be added. Addition of Cr enhances hardness. Furthermore, addition of Cr enhances "chip dis- 
posability" serving as a parameter of machinability and generates fine inclusions (CrS) in a steel, in order to reliably 
obtain these effects, the Cr content is preferably not less than 0.2%, more preferably not less than 0.5%. However, when 
ss the Cr content is in excess of 2.0%, the percentage of ferrite in microstructure decreases greatly, resulting in signifi- 
cantly decreased 'chip disposabilily." Accordingly, the Cr content is specified as 0%to 2.0%. When the C content is not 
greater than about 0.25%, the upper limit of the Cr content is preferably 1 .5%. When the C content falls within the pre- 
viously mentioned range having an upper limit of 0.55%, the upper limit of the Cr content is more preferably 1 .0%. 
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Mo:Q%to 1.5% 



ro041l Mo may not be added. Addition of Mo enhances hardness and toughness. In the case of steel products to 
be quenched, addition of Mo enhances hardensbility. In order to reliably obtain these effects, the Mo content „ prefer- 
s ably not less han 0.1%. However, when the Mo content is in excess of 1.5%, these effects are saturated. As a re^t 
production costs increase; i.e., economical efficiency is impaired. Accordingly, the Mo content » specified as 0% to 



production c 
1 .5%. 



V: ■0%-to 0.50% 



[00421 V may not be added. Addition of V greatly enhances hardness without toughness an J c nil life being greatly 
decreased, and suppresses tool wear on turning, in orderto reliably obtain these effects the V content is preferably not 
less than 0.01%. However, when the V content is in excess of 0.50%, V oarbontrnfaa wh.ch have not been dissolve- 
in" to form a solid solution are generated, resulting in a failure to contribute to i-provementof hardness and causing * 
is great decrease in toughness and machinability. Accordingiy, the V content is specified as 0% to 0.50%. 

Nb: 0%to 0.1% 

ro043] Nb may not be added. Addition of Mb fines grains, thereby enhancing toughness, particularly yield strength. 
20 n orderto reliably obtain these effects, the Nb content is preferably not less than 0-005% "^^**™°Z 
tent is in excess of 0 1% Nb carbonitrides, which are coarse and hard, rema.n und.ssolved, resulting in decreased 
toughness instead of enhanced toughness and causing a decrease in machinability. Accordingly, the Nb content Is 
specified as 0% to 0.1%. 

25 Ti: 0% to less than 0.04% 

r00441 Ti may not be added. Addition of Ti forms sulfides of Tl to thereby suppress generation of MnS Inclusions, 
hereby fining and dispersing inclusions. Furthermore, addition of Ti brings about precipitation of carbide to thereby 
enhance haless. Inorder I stably obtain these affects, the Ti content is preferabty not less than 

3 o when Ti is added too much, hardness is improved greatly through formation of TiC, potentially resulting in decreased 
duct ity; i.e., a decrease in elongation and reduction of area. Particularly when the Ti content .not less tan 0.04% 
ductility may be decreased significantly in some cases. Accordingly, the Ti content .s specified as 0% to less than 
0.04%. 

35 B:0%to0.01% 

ro0451 B may not be added. Addition of B enhances machinability further. In order to reliabiy obtain this effect the 
B content is preferably not less than 0.0010%. However, when the B content is in excess of 0.01%, toughness and hot 
workability decrease. Accordingly, the B content is specified as 0%to 0.01%. 

40 

Al: not greater than 0.04% 

r0O4S1 Al is an effective element in deoxidation of steel. However, in the present invention, since Si is contained in 
the previously mentioned amount, deoxidation can be performed through addition of Si. Accordingly, deoxidafcon 
« through addition of Al is not particularly necessary. Therefore, Al may not be added. Notably, when the Al content « ,n 
excess of 0.04%, adhesion of chips to a tool becomes intensive, resulting in shortened tool life on drilling and turning. 
Accordingly, the Al content is specified as not greater than 0.04%. 

r00471 When structural steel parts for machinery must have high toughness as in the case of wheel hubs, spindles, 
knuckle arms, and torque arms, in orderto reliably obtain sufficient toughness, the O (oxygen) content of a steel is con- 
so trolled preferably to not greater than 0.01 5%. Thus, when the contents of C and Si, which yield deoxidation effect, are 
low, the Al content is preferably not less than 0.01 0%. 

N: not greater than 0.015% 

55 [0048] Limitation of the N content is very important. Specifically, addition of N deteriorates "chip disposability." Par- 
ticularly, when the N content is in excess of 0.015, "chip disposability" decreases significantly. As a result, in spite i of 
addition of another element that improves "chip disposability," "chip disposability" cannot be improved. Accordingly, the 
N content is specified as not greater than 0.015%. Conventionally, N is added in order to improve hardness of a non- 
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heat treatment type steel. However, as mentioned previously, through appropriate control of the C, Si, Mn, and V 

laterthan 280, chip disability is likely to deteriorate, the * content :s preferably not ^^^tt^ZZi 
Zthe N content is less than 0.002%, chip disposabi.ity may deteriorate .n some cases. According, the lower limit 
of the N content is preferably 0.002%. 

Bi:0%toO.iO% 

roo49l BI may not be added. Mm^aaB^^m^cm^.^ to ^ eTtor !TZ^!^^ t 
Li extent is preferably not less than 0.01%. However, when the Bi content is in excess of 0.1 0%, toughness and hot 
workability decrease. Accordingly, the Bi content is specified as 0% to 0.10%. 

Ca: 0% to 0.05% 



mn*™ r* mav not be added Addition of Ca spheroidizes mainly MnS, thereby preventing structural steel parts for 

cantly. Furthermore, in some cases, in the course of carrying or induction h "* n £"^ 

cracking may frequently occur, resulting in defective products. Accordingly, the Ca content b specited as 0 h to 0.05 A. 

Pb:0%to0.12% 

10051] Pbmaynotbeadded.AdditionofPbenhancesmachinab^further.lnor^ 
he Pb content is preferably not less than 0.02%. However, when the Pb content is m excess of °J 2 
decreases Furthermore, in some cases, in the course of carburizing or induct.on hardening serving as surface harden 
tg Sng mT^uen^ occur, resuming in defective products. Accordingly, the Pb content . <«M as 0% to 
i 0.12%. 



100521 Te may not be added. Acramon ot le apneiuiu««> ~, r--—-^ „„mw, rprer- 

35 machinery formed through, for example, hot forging, from suffering occurrence of a defect J^'^^ 
2 of the same as defective articles in nondestructive testing, or preventing cracking ^^^^ZZ 
subjectiontosurlacehardeningservingasafin^^ 

erabiy not less than 0.005%. However, when the Te content is in excess of 0.05%, hot workability decreases signm 
cantly. Accordingly, the Te content is specified as 0% tc 0.05%. 

40 

Nd: 0% to 0.05% 

E O053] Nd may not be added. Addition of Nd spheroidizes mainly MnS, thereby l™^.*^^^ 
machinery formed through, for example, hot forging, from suffering occurrence of a ^^^^^^ 
« ttan of the same as defective articles in nondestructive tasting, or P^^ 0 ^^^^^^^. 
subjection to surface hardening serving as afinal treatment. In orderto ^^^^Sd^-SSl 
erably not less than 0.005%. However, when the Nd content is in excess of 0.05%, hot workability decreases signm 
cantly. Accordingly, the Nd content is specified as 0% to 0.05%. 

50 Se:0%t<0.5% 

roo541 Se may not be added. Addition of Se enhances machinability further. In order to reliably obtain this effect 
STS! contentTpreferably not less than 0.05%. However, when the Se content is in excess of 0.5%, toughness and 
hot workability decrease significantly. Accordingly, the Se content is specified as p% to 0 5 /<, 
S s [0055] In the present invention, the O (oxygen) content may not be parhcularly specified In some ^wher *J 
O colnt is high, oxides contained in asteel may coarsen, which would be evaluated as deftctve, 
resulting in decreased yield. Accordingly, the O content is preferably not greater than 0.015%. When high toughness ,s 
required, the O content is particularly preferably not greater than 0.015%. 
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[0056] Some conventional free-cutting steels are out into practical use in the form of so-called "oxide-controlled 
steel." In order to perform sufficient deoxidation, this "oxide-controlled steel' dees not employ control of Si and Al con- 
tents. Specifically, an appropriate element such as Ca is added to thereby form composite oxides of, for example, Si, 
At, and Ca, and the compositional proportions of these composite oxides are controlled appropriately so as to lowerthe 

s melting points of the oxides, thereby improving machinability. 

[0057] : By .contrast, in order to improve machinability, tne steel products for machine structural use and the struc- 
tural steel parts for machinery according to the present invention do not require utilization of the above-mentioned low- 
melting-Qoint cxides. Sufficient machinability can be attaired ever, at a high Hv hardness of 160 to 35C through smploy- 
ment ot the above-Tentioned element contents, control of the values of fm and fr,2 represented by ecuations (i ) and 

10 (2) to the respective aopropriate ranees, which will next be described in dstali, and control of the percentage;: of ferrite 
(n micrdstructure to an appropriate range, which will be described later. Accordingly, even when the steet products for 
machine structural use and the structural steal parts for machinery acceding to toe present invention employ the per- 
centage composition of the above-mentioned "oxide-controlled steel," the attained improvement of machinability is not 
derived from the contained oxides. 

w . \ :.' \ ' ' '' '. V* ' .■ V' •,' : ; '. .C • * : ' : I -\ ?■ ■,').' : ,.' 

fnl: not less than 0 

[0058] Maohlnability, particularly enhancement of drillability, is important for steel products for machine structural 
use. A so-called "deep hole" having a relatively large ratio of depth to the maximum diameter is drilled In structural steal 

so parts for machinery. A typical example of a "deep hole" is an oil hole. Because of difficulty in using carbide, which has 
excellent wear resistance, as material for a drill used for drilling a ' deep hole," a high-speed steel, which contains Co 
and has excellent toughness and wear resistance, is predominantly used. Thus, extension of drill life cannot rely much 
on improvement of the material for a drill, but relies heavily on drillability of steel products for machine structural use. 
[0059] In order to improve drillability of steel products for machine structural use. the number of drilled holes serving 

25 as the "drill life" and "chip disposability" must be enhanced. The "drill life" depends on hardness and chemical compo- 
sition of a steel product to be machined. Specifically, the "drill life" decreases with hardness of a steel product to be 
machined. However, this tendency depends greatly on the chemical composition of the steel product to be machined. 
When the value of ml represented by equation (1) is not less than 0, the number of drilled holes serving as the "drill 
life" can be 150 or more in the course of drilling in a structural steel part for machinery a so-called "deep hole" having 

30 a (hole depth)/(hole diameter) ratio of not less than 5 by use of a conventional Co-containing high-speed steal Ml. 
Th us, the fn 1 value is specified as not less than 0. Employment of an Win content of 0. 1 5% to 2.00%, an S content in 
excess of 0.080% and not greater than 0.2%, and an fn1 value of not less than 7.5 provides a very large number of 
drilled holes; i.e., of not less than 300. The upper limit of the fn1 value is determined from the Hv hardness of steel prod- 
ucts of the present invention falling within the range of 160 to 360 and the requirement for fn2, which is a parameter 

as related to machinability and will next be described. 

fn2: not less than 3.0 

[0060] Only when the value of fn2 represented by equation (2) and serving as the 'Index of chip disposability" is not 
40 less than 3.0 and the area percentage of ferrite in microstructure is subjected to appropriate control, which will be 
described later, chip disposability is improved, thereby facilitating disposal of chips in drilling deep holes (see FIG. 1). 
Thus, drill life can be stably extended, and the need for posttreatment of chips can be eliminated, thereby enabling auto- 
mation of work operations. When the f n2 value serving as the "Index of chip disposabilrty" is less than 3.0, chip dispos- 
ability decreases significantly. As a result, as shown in FIG. 1 , long chips are produced. Since these long chips must be 
45 treated appropriately, automation of work operations becomes difficult to establish. Furthermore, drill life decreases. 
Accordingly, the fn2 value is specified as not less than 3.0. 

[0061] The "index of chip disposability" fn2, which is determined by the contents of alloy elements and the area per- 
centage of ferrite, is related to toughness and drill life. Specifically, as hardness increases, chip disposability improves, 
but toughness and drill life deteriorate. Accordingly, the upper limit of the fn2 value is determined from the Hv hardness 
so of steel products of the present invention falling within the range of 1 60 to 350 and the requirements forfnl and ferrite 
percentage, which are parameters related to machinability. The upper limit of the fn2 value is substantially 8.0. 

fn3: not less than 100 

5s [0052] When the S content Is 0.005% to 0.080% with ottier elements being contained in the corresponding content 
ranges described previously, and the value of fn3 represented by equation (3) is not less than 100, sufficient toughness 
can be imparted to high-hardness structural steel parts for machinery; i.e., an absorbed energy at room temperature 
(uE RT ) of not iessthan 40J can be obtained in an impact test conducted by use of a No. 3 test piece for Charpy impact 
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test specified in JIS Z 2202. Accordingly, for structural steal pats for machinery requiring high toughness such as 
wheel hubs, spindles, knuckle arms, and torque arms, prefsrabiy, trie S content is 0.005% to 0.080%, and the fn3 valm 
is not greater than 100. The lower limit of the fn3 value is determined from the Kv hardness of steel products of the 
present invention falling within the range of 1 60 to 350 and the requlmmentSifor fn1 and fn2, which are parameters 
relatsdto machinability. : ... . : ■ 

[0063] When structural steel parts for machinery are -mended for use in a cold -egion, in seme cases, they may be 
requiredto have an absorbed energy at -50>C (uE. S0 ) of net less than 20J as measured in an impact test conducted by 
use or a Mo. 3 test oiece tor Charpy impact test specified in JIS Z 2202. n this case, the value of fn5 represented by 
equation (5) bfilow is preferably not greater than 100. 

fn5 = B7C + 7Si+10Wln + 41Cr+-15Mo + 5OV ( 5 ) 

where an element symbol appearing in equation (5> representethe content in mass percent of the corresponding 
element. 

Miorostructure of Stesl Product 

[00641 In order to enhance machinability. particularly "chip disposability" in the course of drilling, of steel products 
for machine structural use having the above-mentioned chemical composition, the area percentage of ferrrte ,n micro- 
Structure must be 1 0% to 80%. Being of a soft phase, ferrita is precedent* deformed tn the course of drilling to thereby 
become a starting point of chip breakage, thereby enhancing "chip dsposaoility." However, when the ferrite percentage 
is less than 1 0%, this effect is not yielded, resulting in decreased chip disoosabilrty. Furthermore, the "index of chip dis- 
posability" fn2 indicative of 'chip disposability" may assume a value less than 3.0 in some cases. When the ferrite per- 
centage is in excess of 80%, steel products for machine structural use encounter difficulty in assuming a high hv 
hardness of not less than 1 60. Also, a soft miorostructure grows excessively, resulting in decreased chip disposability. 
Accordingly, the percentage of ferrite in microstructur© is specified as 10% to 80%. . ■, . 

[0065] As mentioned previously, the area percentage in miorostructure Is that determined through microscopic 

obsen/ation^ ^ ^ mlcrostructtJre other than ferrite includes pearlite, bainlte, and martenslte. Notably, in order to 
i assume a predetermined miorostructure, a steel product Is not necessarily subjected to heat treatment after final ho 
wcrkinq- i e., the product may be allowed to cool after final hot working, or may, after hot working, be subjected to heat 
treatment, such as normalizing, normalizing-tempering, or quencning-tempering. When a miorostructure includes 
transformation structures observed at low temperatureysuch as baintte and martensite, it is preferable that ternpenng 
be performed. From the viewpoint of cost, a non-heat treatment type process, which yields a predetermined microstruc- 
; ture without involvement of heat treatment, is preferred. This 'non-heat treatment type process" is advantageous in 
terms of cost, because of no Involvement of heat treatment, and in terms of delivery time, because of the possibility of 
simplifying a manufacturing process. 



[0067] Structural steel parts for machinery having an Hv hardness of less than 1 60 may suffer deformation, great 
wear or fatigue failure in the course of use, and thus are not useful in spite of excellent machinability thereof. When the 
Hv hardness is in excess of 350, attainment of desired machinability becomes difficult. Particularly, when the "non-heat 
treatment type process" is employed, means for enhancing machinability through employment of a ferrite percentage in 
microstructure of 10% to 80% is hardly effective. Accordingly, the Hv hardness is specified as 160 to 350. 



[0068] For structural steel parts for machinery requiring high toughness, such as wheel hubs, spindles, knuckle 
arms, and torque arms, preferably, the S content is 0.005% to 0.080%; the value of fn3 represented by equation (3) is 
not greaterthan 1 00; and the value of fn4 represented by equation (4) in relation to inclusions observed on the L-section 
of a steel product is not less than 5.0. This is because, in the case of steel products for machine structural use that sat- 
isfy the above-mentioned requirements for S content and fn3 value, employment of an frvt value of not less than 5.0 
significantly decreases Song-extending MnS inclusions, thereby preventing the structural steel parts formed from the 
steel products through hot working, such as hot forging, from suffering occurrence of a defect which would result m 
rejection of the same as defective articles in nondestructive testing, or preventing cracking of the structural steel parts 
upon subjection to surface hardening serving as a final treatment. 

[0069] In the case of steel products for machine structural use having an S content of 0.005% to 0.080% among 
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those having the previously specified cnemical composition, most inclusions ^^Z^ZTH 
3 urn are MnS, and inclusions having a maximum diameter Of 0.5 pm to 3 nm are sulfides (for example, CrS}, cartodss, 



nitrides, and a portion of MnS inclusions, 
rmwm When the fn4 value is not less than 1 0, most inc usions assume a maximum diameter of not greater than 3 
5 STSu. 2T2^S^ m ^s severe criteria, thefn4 value is preferably not less tnan 10. The upper 
limit of the fn4 value is not specified. The: greater the m4 vaata, the better. -.::= _ , . . 

FOOTt] The number of Inclusions rr.w be counted through a microscope at such magnification that an inclusion hav- 
i™ a maximum diameter of 0.5 urn can be recognized; fc example, at 400 magnifications. 

£o7 2 ] Whe *J7n4 va.ue of net iess than 5.0 is to be attained without addilon of Cr, tor example (a) »e Mr. end 
10 S con ente may be decreased to net areater than. 0.5% and not greater than 0.05%, respectively, or (b) Te, Ti, and Nd 
may SaSn the -elective aopropriate amounts, thereby fining MnS inclusions at the sciidincation stage of steel 
^preventing MnS inclusions from extending in subsequent not working. When irc.us.ons are to be ned^and dis- 
persed in the torn, of CrS through addition of Cr, for example, the Mn content may be not greater than 0.5%, and Cr may 
be added after deoxidation is oerormed through ado.tbn cf Si and At. Subsequently, Mn may be added. _ _ 
« KJ0731 Preferably, in either of case (a) and case (b) mentioned above, a molten steel » sufficiently stirred m *ec- 
refining, euch as vacuum refining or ladle refining, so as to raise coarse MnS inclusions to the surface thereof 
and a steel ingot is cooled at a sufficiently high speed in the course of solidification so as to attain a secondary dendrite 

flvTglne above procedure, there is obtained a favorable steel ingot featuring little so-called "macrosegregaton" and 

20 roSr^cSLnal free-cutting steels attain improved machinabillty through control of the form of inclusions and 
are put into practical use in the form of so-cailed "oxide-controlied steels' The "oxide-controlled steel" employs *e 
composition of a semi-killed steel as a basic composition whUe the compositional proportions of oxides, such as S,0 2 , 
MnO aSJ CaO and TiQ 2 , are controlled appropriately to thereby enhance machin ability. By contrast, steel products 

* SacS stiuctura, use Lording to the present invention provide good machinabHity while having an Hv hardness 
of 160 to 350, regardless of compositional proportJons of Inclusions such as oxides, so long as the prev.ously men- 
tioned requirements for chemical composition and mtorostructure are satisfied. 

SSq Satisfying the previously mentioned requirements for inclusions, steel products haying an 6 content of 
\ 005% and 0.080%and an fn3 value of not greaterthan 100 can prevent structural steel parts for machine^formed 

so theSlthrough.fo^^ 

same as defective articles in nondestructive testing, or preventing cracking of the structural steel parts upon subjection 
to surface hardening serving as a final treatment. \ • ■: . J. .^Jto*.^,! 

ro076] Structural steel parts for machinery according to the present invention are manufactured by the steps of 
Lghyformingintoapredeterminedshapetheprev&usly mentioned steel products f mac ^ e ^T n Lu^ to 

35 inglothe present invention through networking, such as hotforglng; and machining the thus-formed steel ™ 
a desired shape. This machining step may be followed by heat treatment, such as normalizing, 
or quenching-tempering. Alternatively, the hot-worked steel products may be subjected to the heat treatment and may 
he n b ^ 

ening, such as carburizlng, nitriding, or induction hardening, or may be subjected to plashc working, such as shot peen- 
40 ing. 



[0077] The present invention 
as the invention. 



will next be described by way of example, which should not be construed as limiting 



r0078] Steels having chemical compositions shown in Tables 1 to 4 were smelted by use of a 150 kg vacuum 
bo smelter or a 70-ton converter. Steels A4 and B8 were smelted in the 70-ton converter, followed by continuous casting. 
Other steels were all smelted in the 150 kg vacuum smelter. Tables 1 to 4 also show the value of fn1 represented by 
equation (1). The O (oxygen) content of steel S1 1 was 0.0187% greater than a preferable level of 0.015%. All other 
steels exhibited an oxygen content not greater than 0.015%. am „„„ te fe ,„ 

F00791 Steels A1 to B20 and D1 to D4 in Tables 1 to 4 contain component elements such that their amounts fall 
55 within the corresponding ranges specified in the present invention, and satisfy the requirement for the f n1 value speci- 

ro0801 the TSscTto C13 in Tables 3 and 4, the content of a certain component eiement contained therein falls 
outside the corresponding range specified in the present invention. Particularly, steel C8 also fails to satisfy the require- 
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ment for the fnl value specified in the present invention. 



CSeaical composition (mass %> 



BaJanca? F© ana ia^sritles 



10.2 
li.t 

9.0 
11.0 

8.8 
14.5 

12.5 



0.149 
0.117 
0.096 
0.106 
0.083 
0.100 
0.119 
O.097 
0.114 
0.086 
0.120 
0.127 
0.096 



0.017 
0.035 
0.010 
.029 
.007 
0.013 
0.023 
0.028 
0.025 
0.009 
0.016 
0.025 
0.027 



0.0068 
0.0050 
0.0021 
0.0030 

o.ooai 

.0070 
0.0059 
0.0065 
0.0070 

0.003S 
0.0090 
0.0035 



0.016 
0.023 
0.025 
0.006 
0.010 
0.024 
0.003 
0.012 
0.009 
0i013 
0.027 



Cas 0.005. Te: 0.03 
Pbs 0.11, Sat 0.10 
Mb: 0,04 

B. 0.0023. B3U 0.0* 
Mos 0.21 



il <= - 23C + Sl<5 - 2Si) - 4Ha + 104S - 3Cr 
sach element symbol appearing ia tbe above e 
t tbe corresponding eleaaat.) 



ruation reprai 
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C2je»it?al cosRposition {mass %) 



Balances Fe isafl iiapssxttlea 



0.28 
0.30 
0.37 
0.09 
0.34 
0.23 
0.49 
0.46 
0.25 
0.33 
0.27 
0.25 
0.20 



0.79)0.123 



1.13 0. 51 
1.0&j0.35 



0.18 
0.22 
0.38 
0.67 
0.51 
0.87 
0.78 
0.80 



0.103 
0.139 
0.099 
0.088 
0.083 
0.100 
0 .120 
0.092 
0.093 
0 . 144 
0.100 
0.103 



0.79 
0.90 
1.09 
1.68 
0.57 
1.57 
0.88 
0.23 
1.42 
0.99 
1.09 
1.42 
1.53 



0.004 
0.003 
0.010 
016 
0.014 
0.009 
0-020 
0.021 
0.022 
0.014 
0.017 
0.006 
0.013 



0.13 



0-22 



N 



Al 



0.0025 
0.0080 
0052 
0021 
0.0043 
0.0037 
0.0055 
0.0047 
0.0044 
0056 
0.0026 
0.10 0.0075 
0.10io.0O90 



0.030 
0.012 
0.036 
0.023 
0.007 
0.013 
0.009 
0.002 
0.007 
0.020 



0.033 



Pb: 0.0B. Mb: 0.03 
Hi: 0.85. Ti: 0.02 
Cu; 0.55. Ses 0.11 



1i: 0.034. Nds 0.O3 

Mo: 0*U> Ca* 0*002 
0.03 



£nl m - 23C * Si<5 - 2Si) - 4Mn + 104S - 3d - 9V + 10 
{Bach element symbol appearing in the above equation represent* the 
of the corre sponding element.) 



35 
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Chemical composition tgsS ») Bailees Fe anfl wdtlw 



0,35 
0.31 
0.52 
0.26 
*0.04 
*0.S9 
0.40 
0.39 
0.33 
0.37 



Si 



1.16 
0.69 
0.56 
0.59 
1.79 
0.66 
•0.27 
*2.66 
0.95 
0.87 



0,80 
1.30 
1.30 
1.06 
0.89 
0.55 
1.37 
1.2* 
*2.47 
1.13 



0.143 
0 .119 
0.144 
0.092 



0.075 
0.103 
0.081 
0.091 



1.13 O.i 
0.771 0. 



• 075 



1.11 
*2.29 
1.52 



0.013 0.10 
0.027 
0.011 
0.029 
0.007 
0.022 
0.017 
0.013 
0.030 
•0.053 
0.0nl»Q.5T 



0.06 



0.0« 
0.0103 
0 .0146 
0.0123 
0.OO26 
0.0065 
0.0125 
0.0073 
0.0062 
0.0056 



0.033 
0.029 
0^026 
0.017 
0.023 
0.010 
♦0.047 
0 . 010 
•0.026 
0.021 
0.010 



C/ J ..4.PI t__ 1 — 

tol = - 23C + Si(5 - 2Si> ~ 4to + 104S - 3Cr - 9V + 10 



fnl 
13.3 

7. a 

9.0 
7 .6 
17.0 
3.0 
6.7 
3.3 
1.6 



> vain* wrk*« *«* * outsid* tfce corresponding j 



the content 
specified in the 
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Chemical composition (mass fl> 



Balance: f « aafl impurities 



1.13 



.091 
.095 
fl . 087 
0.090 
0.110 
0.126 
0.091 
0.090 



l.Sfi 0.1 
0.22|0.t 



*0.0251 
0.0075 
0.0047 
0.0043 
0.01Q3 

*0.0171 
0.0 120 
O.OI 



0.009*Si» 2,24 



ot 1.84 
: 0.010, *Bi. 0.17 
t>: 0,26, *Sa= 0,07 

at 1.89 
bt 0.13 



0.30 O.006OO, 



0.020 
.032 
017 
0.017 




[0081] Next, these steel ingots were hct-forgedin such a manner as to be heated to a temperature of 1250°C and 
then be finished at a temperature of 1 000°C or higher, thereby obtaining round bars, each having a diameter of 60 mm. 
35 The hot-forged round bars were air-cooled so as to simulate a process for manufacturing non-heat treatment type 
steels. After being air-cooled, steels A3, A4, A8, B4, B5, B129, C5, C6, C12, D2, and D3 were heated to a temperature 
of 850°C to 1000°C according to the chemical compositions of the steels and then normalized or quenched, followed 
by tempering except for steel D2. 

[0082] Mo. 14A test pieces for the tensile test (diameter of a parallel portion: 8 mm) specified in J IS Z 2201 were 
40 taken from the thus-obtained round bars such that each of the tensile test pieces extends in parallel with a hot-forging 
direction from a position corresponding to 1/2 the radius of each of the round bars; i.e., from a position located 15 mm 
below the surface of each of the round bars. The steels were tested for tensile characteristics at room temperature by 
use of the tensile test pieces. In the description below, the position corresponding to 1/2 the radius of the round bars is 
called the R/2 position. 

46 [0083] Hardness test pieces, each having a length of 20 mm, were cut outfrom the round bars of a 60 mm diameter. 
Hv hardness was measured at the R/2 position on the thus-obtained section. Hv hardness was measured at 8 positions 
of each of the test pieces. The average of the measured values was taken as the Hv hardness of the test piece. 
[0084] Furthermore, test pieces were taken from the round bars such that each of the test pieces extends in parallel 
with the hot-forging direction while the R/2 position was located atthe center of the test piece. The thus-obtained L-sec- 

so tion on each of the test pieces was mirror-like polished and then etched by nital. The thus-prepared surface was 
observed for microstructure at the R/2 position though an optical microscope at 400 magnifications, thereby measuring 
the percentage (area percentage) of ferrite and judging the microstructure. 
[0085] A drilling test' and a turning test were also conducted in order to examine machinability. 
[0086] In the drilling test, a hole of a 50 mm depth was drilled diametrally in each of the round bars of a 60 mm 

55 diameter. The number of holes which had been drilled until drilling became disabled due to wear of the drill was defined 
as drill life. Drilling was performed by use of high-speed steel drills, each having a diameter of 6.0 mm, an overall length 
of 225 mm, and a point angle of 118 degrees and containing Co in an amount of 6%, and under the following conditions: 
lubricant: emulsion type water-soluble cutting fluid; revolutions per minute: 980; and feed per revolution: 0.15 mm/rev. 
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[0087] The turning test used .carbide tips, eacn having a chip breaker ♦ormsd the-ivi and beirtg coated with Ti (C, 
N)-aiumina-TiN, anc was conducted under the fo lowing conditions: lubricaticr.: not performed; cutting speed: 160 
m/min; feed per revolution: 0.25 mtn/rev.; and depth of out: 3 mm. MachinabilHy was evaluated in terms of wear of the 
flank of each of the tips as measured after machining was performed for 30 minutes. 

{0088]: ; Steels CI 0 and C11 suffered cracking In the course of hot forging. Thus, stasis C10 and C1 1 were subjected 
only to the above-mentioned observation of microstructure at the R/2 position for measurement of the percentage (area 
percentage) of ferrite ard judgement or micrestructore.- 

[0089] Tables 5 to 8 tsnow the results of the aoove-neniioned tests. Symbols appear! ;inth "neati stmcnfc: 
umn of Tables 5 to 3 have the following meaning: N: no-mahzing; " tompering; Q qu n- . nd **'t ' 

Symbols appearino in the -m'crostructure' ccumn have the following meaning: F: ferrte; Pi pea-lite: B: bailee;, and M: 
martensite. As mentioned previously the symbol -«• denotes the area percentage of ferrita in microstructure,; In these 
Tables, tempering temperature (°C) is parenthesized. 

10090]: : : The microstruciures o* stee's CI 0 and C1 : assumed the phases "E+M" and r F+M" and fernte percentages 
[a) of 0% and 21%, respectively. Accordingly, when the respective round bars of a 60 mm diamoterwere manufactured 
under the previojsly -nentianea conditions, the ?n2 value was 3.6 for steel C10 and 5.4 for steel C11 . 



Table 5 
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26.5 


244 


565 


112 


5 


AS 




F+P 


79 


S.7 


75* 


■■■'80* ' 


0.73 


41.8 


231 


351 


16 


6 


*6 




F+P 


56 


5.8 


771 


483 


0.63 


20.4 


243 


514 


82 


7 


A7 




F+P 


73 


3.9 


795 


412 


0.55 


28.6 


238 


908 


91 , 


8 


A8 


QT{650) 


F+M+B 


23 


4.2 


7»6 


409 


0.61 


23.5 


251 


311 


106 


9 


&9 




F+P 


64 




n* 


4*2 


0.58 


28.6 


251 


513 


107 


10 


A10 




F+P 


65 


5.8 


749 


544 


0.73 


56.1 


236 


401 


12 


11 


Bl 




F+P 


29 


4.9 


639 


444 


0.70 


69.4 


200 


899 


34 


12 


82 




F+P 


62 


5.7 


925 


480 


0.52 


28.6 


293 


833 


126 



In the "heat treatment " column, the sywbol "-• denotes non-heat -treated; 
'M- normalizing; "T" tapering; and "Q" quenching. A parenthesised value 
denotes temperature (°C). 



In the "mierostructure" column, the symbol "F" denotes ferxite; "P" 
peaxlite; "B s bainite,- "H" martensite; and "a" area percentage o£ ferrite. 

In the "tensile characteristics" column, the symbol *TS" denotes tensile 
strength, ana "YS" denotes yield strength. , 
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NT(SOO) 
QT(650) 



F+P 
F+B+M 
F+M 
F+P 
F+P 
F+P 
F*P 
F+P 
F+P 
F+P 
VF*P 
F+P 



Teasila chasractaristics 



0.59 

a. 63 

0.72 
0.54 
0.71 
0.60 
0. 60 
0.55 
0.62 
0.65 
0.64 
0.6S 



35.7 
27.5 
46.9 
30.6 
59.2 
26.5 
37.7 
27.5 
17.3 
43.9 
24.3 
30.6 



«1 
a 

§3 



366 
628 
428 
1215 
698 
519 
377 
399 
305 
358 
359 
662 



In the "heat treatment" column, the symbol ■ 



a-heat-treated: 



In the "nierostructure" column 
pear-lite; "B" balnite.- • 

In the 'tensile characteristics* column 
strength, and "YS - denotes yield strength. 



the symbol "F" denotes ferxitej "P" 
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SO 



BS 
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^ensiie characteristics 



BIS 
B16 
B17 
BIS 
B19 
B20 
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C5 



NT(550) 



F+P 
F+P 
F+P 
B+M 
B+M 
F+P 
P*P 
F+P 
F+P 
F+P 
M+B 



4.2 
3.3 
2.7 
2.6 
2.4 
2.1 
3.1 
3-3 
5.8 
5.2 
3.2 



490 
478 
548 
504 
512 
468 
338 
580 
485 
598 
629 



43.9 
63.2 
12.2 
41.8 
. 27.5 
i 41.8 
' 52.0 
t 17.3 
! 24.5 
i 20.4 
t 26.5 



§5 



240 
229 
314 
260 
298 
228 
135 
317 
246 
287 
281 



368 
325 
289 
231 
272 
179 
368 
165 



223 
213 
107 



in the "heat treatment* column, the symbol ■-" 
normalising; tempering? and "Q" quenching, 
denotes temperature (*C). 

In the "nicrastructure" column, *4» symbol "V" 
peaxlite? "B" bainite; "It" martensite; and "a" aft 

In the "tensile characteristics" column, tbe 
itrength. and "XS" denotes yield strength. 



denotes non-heat-treated; 
A parenthesized value 



denotes ferrite; "P" 
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I 


i 




fesro- 






1 


I ■ 


turning 
















0 


Test nw 


1 


ttoase 


•■a 
(%> 




TS 
<HPai 


YS 


v ns 


1 * 

f5 
s 


1 

■ g 


tv 
1 


»f 


36 




QT<600) 






3.0 




591 


0 62 


31.6 


302 


132 


226 


37 


C7 


- 


F+P 


11 


3.2 


934 


605 


0.65 


27.5 


296 


168 


37 


36 


ca 




B+M 


0 


1.2 


931 


636 


0.68 


24.5 


295 


45 


234 


39 


C9 




B+M 


0 




1086 


765 


0.70 


12.2 


348 


111 


276 


40 


C12 


QT(600) 


F+B+M 


6 


2.3 


766 


460 


0.60 


16.3 


242 


284 


195 


41 


C13 




F+P 


9 


2.6 


1016 


605 


0.60 


18.4 


322 


ISO 


218 


42 


Dl 




F+P 


11 


2.9 


865 


564 


0.6S 


33.7 


273 


150 


118 


43 


D2 


N 


B+M 


0 


2.6 


1008 


630 


0.62 


24.5 


320 


150 


239 


44 


D3 


QTO30) 


F+B 


5 


2.6 


853 


658 


0.77 


38.8 


270 


223 


47 


45 


X 




F+P 


33 


, 2 


941 


591 


0.63 


28.6 


259 


173 


199 



normalising f *T* 

otes temperature CO- 

In the "micxostructuie 
pearlite; "B" bainitej "H 1 

in the -tensile 
strength, ana •ats- denotes yield strength. 



cttluma. the symbol -r" denotes i 

id *a" area percentage of f erxito . 



r0091] As shown in Tables 5 to S, in the ease of the steels of test Nos. 1 to 26 and 45, which contain component 
elements such that their amounts fell within the corresponding ranges specified in the present invention and wh,ch sat- 
isfy the requirements specified in the present invention for the fn1 value, the fn2 value, and the percentage of ternte ,n 
microstrulre, in sp«e of a high Hv hardness of 1 84 to 31 9, the steels bring about excellent drill life and exht-te good 
-chip disability." Also, the steels exhibit excellent machinability on turning; specifically, a tool wear on turning of less 
thJ 200 m . Particularly, the steels of test Ncs. 1 to 26 contain Mn in an amount of 0.17% ^ 1 -BJ% and S .n an amourt 
of 0 083% to 0.1 49%, thus satisfying the requirement for the Mn content, 0.15% to 2.00%, and the requirement for S 
content, in excess of 0.080% and not greater than 0.2%. Furthermore, that m value is 8.5 to 1 w^oh, greater ban 
a required fn1 value of not less than 7.5. As a result, the number of drilled holes is not less than 300, mctaatmg that the 
steels bring about excellent drill life. . ... ... 

[0092] Steels B17 and D1 of test Nos. 27 and 42 contain component elements such that their amounts fall wrthin 
he corresponding ranges specified in the present invention, and satisfy the requirement for the fni value sp«,f ed n 
the present invention (see Tables 3 and 4); however, the fn2 value fails outside the corresponding range specified S n the 
present invention, indicating that "chip disposabnty" thereof is relatively low. thatthei , 
ro0931 Steels B1 8 to B20, D2, and D3 of test Nos. 28 to 30, 43, and 44 contain component elements such that their 
amounts fall within the corresponding ranges specified in the present invention, and satisfy the requirement for the fni 
value specified in the present invention (see Tables 3 and 4); however, the fn2 value and the fernte percentage fall out- 
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side the respective ranges specified in the present invention. As a result, "chip disposabiliiy is relatively low. 
roOMl In the case of the steels of test Nos. 31 to 41 , at !2 ast any ane of the content of a certain component e:emem, 
S value the lvalue, and the percentage o' ferrite in microstore falls outside the corresponding range spec^ 
SdS-STrL. invention. As a resuit, the steeis exhibl: a relatively lo* Hv hardness o, 135 the number or dnlled 
s holes less than 1 *S0 i < t « de leased drill life, o- law : 'chip disposed*/ or tool wear on turnmg. 

S rJentlcS .r^.ously, steels C1 0 and C1 1 suffered orbing in the course of hot forging. Thus sta. s 
: cTo and C 1 1 were sheeted only to the restructure observation for measurement of the percentage of ferrrte and 
' jiK^emont on xicrost-ucture other tests were not conducted on ths steels. 

w Example 2 

[0096] various steels having a variable Si content and a basic chemica, composition of 0.43%C-0.6%Mn-0.10%S- 
Q.5%Cr-O.Ol%AI-O.OQ5%N-0.02%P were smelted by use of the 150 kg vacuum smelter 0 ,; 

[0097] Next, these steel ingots were hot-forged in such a manner as to be heated to a ten-,peraure o 250 C and 
« hen be finished at a temperature o< 1000°C or higher, thereby obtaining round bars, each having *f™^*> » 
The hot-forged round bars ware air-cooled so as to simulate a process for manufacturing non-heat treatment type 

toSaj The thus-Obtained round bars of a 60 mm diameter ^subjected to a turning test conducted under the 
same conditions as those of Example 1 . 
20 [0099] FIG. 2 shows the ef^ 

rotOO As shown in FIR ?, when the Si content becomes 0.50% or higher, the amount of tool wear on turn ng 
Sses £ So um or less. However, when the Si content exceeds 2.5%. the amount of tool wear on turnmg 
increases sharply. 

sb Examples/:: 

roi01l Steels having chemical compositions shown in Tabtes 9 to 12 were smelted; by use of the 150 kg vacuum 
me rorthl70toncoLrter.S K 

oVher steals were all smelted in the 150 kg vacuum smelter. Tables 9 to 12 also show the value of fn1 represented by 
3 „ e ua n ( 

gen) conteni of steel F1 1 was 0 0195% greater than a preferable level of 0.015%. All other steels exhibited an oxygen 
S^Ss™^ 

within the corresponding ranges specified in the present invention, ano satisfy the requirement for the fn1 vaiue spec.- 

" S) ,he in Table 11 satisfy tne requirement for tne fnl value specified in the present invention; 

noweir.the content ofacertain component element contained therein falls ^^^^ 
inthe present invention. Steels H2 to H8 in Table 12 contain component etements such that the.r amounts faltwrthm the 
corresponding ranges specified in the present invention; however, the fnl value falls outside the correspond^ range 

* speci/edinth^^ 

a certain component element contained therein falls outside the corresponding range specfied n the present .nventon 
anc [such that the fnl valuers outside the corresponding range specified in the present invention. Steel J1 mentioned 
above corresponds to the conventional resulfurized tree-cutting steel. ^ h 

flnW] Steels E3 and E4 are such that the Mn and S contents am decreased so as to fine NlnS .nclu S ,ons and such 

« that the value of fn4 represented by equation (4) is not less than 5.0. _ n 

F010S] In manufacture of steels F1 to F3, F6 to F16, G2, G6. G7, H1 and H2, and H5, ,n orderto pretaiwrtrily '5^ 
^CrJiZZ^^^^i^^^ addition of Si; then, Cr was added; next, A. was added; finally, 
Mn was added, thereby controlling the value of fn4 represented by equation (4) to not less than 5.0. 
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Chemical composition (mass %) 



0. 016 
0.032 



0.29 0.0039 O.0Q9 



0.015 
0.022 



0.2S 



0^50 



10.37 



0.025 



11.50 



0.006 
0.012 
0.022 
0.027 
• .024 
0.008 
0.015 
0.024 
0.026 



0.0080 0.005 



0.11 

o.oe 

0.1910. 
0.23 0- 
0.07 0. 



0056 
0064 
0069 
.0034 
0089 



.002 
0.011 
0.008 
0.012 



C«: 0.005, *ei 0.O2 

O.ll, Se; 0.11 
NO j 0.05 

B-. 0.0026, Bis 0.09 
0.21 



fnt »: - 23C + SitS - 2Si) - 4M0 + WW- 3Cr - 9V + 10 
Co3 • 100C-« 1181 * 18Htt + 32Cr * 45Jto + 6V 

7S1 ♦ 10MU + 41Cr + 15Mo + 50V 
(Bach element symbol appearing in tha abova equation* rapreaente 

' " 'stii I : — 
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F16 



fittl " 



CheaieaX cosapoeitioo (mass %) 



0.032 0.89 0.002 0.12 0.0079 0.011 



0.79 



0.012 
0. 029 
0.049 
0.021 
0.022! 
0.073 
0.029 



0.009 
0-015 
0,013 
0.008 
0.019 
0.020 
0.021 
0.013 
C.016 



0.0051 0.035 Te, 0.02 
0.0020 0 



l. S 2|0.01 2 |o.09|0.0O89l0,O32l 



0.0042 
0.0036 
0.0054 



O.OOS 0.09 0.0074 0.001 Bl« 0-03 



.0043 0.006 
.0055 0.019 



08. Hb: 0.( 

.012 Hit 0.87, Ti: 0.03 

CUs 0.59, Se: 0.12 

0.O< 



038, Md* 0.03 
MO. 0.1$, Cat 0.O01 



- 99 + 10 



- 23C ♦ Si(5 

100C + HSi + 18Mtt + 32CT + 45KO + 6V 
£l»S « 87C + 7S1 + 10MI1 + 41Cr + 15Ho + 50V 

JEacH elanent ayntool appeaeias in the above equations repreaents 

zui : < ■ 



the contest of the 
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Chemical cdatyJflfi*fc$!Po 



S 0.76 *t 
6*2.42 t 



«.2 139 1' 
*.« 102 1 



_ 23C * 81(5 - 23*) - 4*» * 16«S - SB* - »V * M 
fD3 . 100C + US! + 18Mn > 32Cr + «5Mo + 6V 

£as - etc + 7St + iokr + «cr * Jtwio + sov 



). 01021 D.029)«Ca! 1.88 



a opacified in the present 
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45 



Chemical composition (rasas %) 



I 0.4* 

I 0.30 

i 0.3* 

I 0.51 



0.6& 1.29 « 
0.B91.0S C 
0.35 1.29 0 
0.711 
2.241.29 C 



5 0.59 0 

6 0.7S 0 

2 0.82 0 

8 1-56 0 

9 0.99 0 

3 0-33 0 
.9 1.0S 0 
18 1.55 0 



I 0.14 
T 0.11 



*0.0170 C 
0,003S C 
0.0145 « 
0.0065 
0.0119 
0.0102 
i. 0067 
0.0059 
1.0145 



t 0.12 
! 0.32 



0.031 
0.016 



• *-5.2 3 
-3.9 i 



*-1.2 79 

»-o.il HL 




r0106] Next, these steel ingots were hot-forged in such a manner as to be heated to a temperature of 1 250 C and 
then be finished at a temperature of 1000-C or higher, thereby obtaining round bars, each having a diameter of 60 mm. 
The hot™d round bars were air-cooled so as to simulate a process for manufacturing non-heat treatment type 
Lis. AfJbeing air-cooied, steels E3, E4, EB, F4, F5, G5, G6, G12. and H4 to H6 were heated to • 
650°C to 1 000°C according to the chemical compositions of the steels and then normalized or quenched, followed by 

temping ^J^J^^ ^st^^oi*^ portion: 8 mm) specified in J1SZ2201 -nd IN. 
LstpiecesfortheCharpy impact test (2 mm U-notoh typo) specified in JiSZ 2202 were taken from the ^ 
round bars such that each of the tensile test pieces and Charpy impact test pieces extends ,n parallel w*h a hot-forg^g 
direction from the R/2 posrtion of each of the round b«s. The steals were tested fontanels charactenstes and ^tough- 
ness (absorbed energy: y Ert) at room temperature and toughness at -50°C (absorbed energy: uE.^) by use of the test 



[01081 Hardness test pieces, each having a length of 20mm, were cut out from the roundbarsof a 60 m 
Hv hardness was measured at the R/2 position on the thus-obtained section. As in the case of Example 1 Hv h, 
was measured at 6 positions of each of the test pieces. The average of the measured values was taken as the Hv hard- 

roTo^ ^X^ore. test pieces were taken from the round barssuch that each of the test pieces extends in parallel 
with the hot-fcrging direction while the R/2 position was located at the centar cf the test piece. The ^-obtained L-sec- 
tion on each of the test pieces was mirror-like polished. The mirror-like polished surface of each of the est pieces was 
obse,ved by 60 fields of view through an optica! microscope at 400 magnifications so as to examine inclusion^ Subse- 
quently, the mirror-like polished surface of each of the test pieces was etched by nital and then observed f.r« 
ture at the R/2 position though the optical microscope at 400 magnifications, thereby measurmg the percentage (area 
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percentage) of ferrite and -judging the microstructure. , , 

[0110] The round bars of a 6C mm diameter were subjactsd to a drilling test and a turning test under the same con- 
ditions as those of Example 1 so as to exarrhe machinabiiity thefftW. : _ ^ _ „ 
raw] Steels G10 and G11 suffered craokin ! ir th • a urss r ho forgmg. T^s steels G10 and G V 1 were : sub- 
jSed only to the above-mentioned observation microstructure at the R/2 position for measurement of the percent- 

rtheVea-t-eatrrenrcoiurnnc .able 1 to ohave he ar n tem.enrg Q quench 

c and nc^S sap i - ' " " > " ^ 

P C oie; B bSnlta; M: martensire; arid o, area percentage of ferrite in microstructure. A parenthesized value m the ; 
"h»E'treatmerf" oo.umr denctasterroe-ingtemoerature (°C). . - ;: ; ^ 

mm* Th, ^restructures of steel, G1 0 and G1 1 assumed the pnas B s "3+M" and F+M ecu temte postage, 
S c?0%Bno 2 pe frvoy According when the respective round bars of a60 mm diameterwere manufactured 

under the previously mentioned conditions, tr» *»2 value was 3.2 for steel G1 0 and 4.9 for steel G1 1 . 
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72 
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0.78 


68 


125 


60 
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25 
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5.6 


0.0 


733 


448 


0.61 
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: 51 


230 


531 


93 
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4.1 


9.1 
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0.57 


26 
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58 
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F+P+B 


24 


4.1 


5.5 
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436 


0.55 


26 




45 


249 
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0.0 
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0.74 
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52 
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20 
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493 


0.63 


20 
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91 
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0.13 
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leaxlite; "B" bainlte: "W marxensiie; mux « « 
in the "tensile characteristics" column, the 
itrength. and "gs° denotes yield strength. 



' denotes ferrite; ' 
ea percentage of ferrite. 
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61 


30 




427 


; 95 ; 


65 


no 




F*P 


26 


4.3 


19.6 


957 


530 


0.5S 


27 


43 


33 


303 


249 


188 


66 
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18 


3.6 


9.6 


1004 


628 


0.63 


17 


4S 


23 


325 


155 


112 


61 
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3.7 


9.6 


776 


508 


0.65 


43 


47 


24 


245 


208 
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4.5 


10.3 


869 
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0.65 


24 


43 


21 


278 
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3.6 


6.5 


916 




0.65 


30 
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20 
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8.S 


777 
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43 
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In the -heat treatment" colusm. the «M»1 ««»otes non-lwat-txeat.a* 
•M- normalizing; *T* tearing; and "Q« quenching. A parenthesised value 
denotes temperature (°C). 

In the ^restructure" column, the sy-bol "F" denotes ferrite; -P 

strength, and «*S* denotes yield strength. — 
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Xh the "heat treatment* column, the symbol "-" denotes noa-heat-trented; 
«M« hosaaltzingj "T" tempering? and "Q" quenching. A parenthesised value 



denotes temperature (°C). 

1» the "*icroBtmcttJre« column, the symbol "P" denotes fewrites "P" 




in the "tensile characteristiea* eaiuma. 
strength, end denotes yield strength. 
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2.1 2-4 
*.-4 3.4 
12.2 



2.2 



5.0 



0.60 
0.63 
0.56 
0.62 
0.66 
0.55 
0.63 
0.78 
0.65 
0.63 



In the "heat treatment" column, the 



symbol *-* 
quenching 



denotes non-heat-treated; 
A parenthesized value 



In toe «s^ctostrnctttre" column, the syml 
peaxlite? "B" balnltej "M" martensites and 

in the "tensile characteristics" column, 
stren gth, and m ¥S* denotes yield strength. 



40 [0114] As shown in Tables 13 to 16, in the case of the steels of test Nos. 46 to 70, which contain component ele- 
ments such that their amounts fail within the corresponding ranges specified in the present invention and which satisfy 
the requirements specified in the present invention for the fn1 value, the fn2 value, and the percentage of ferrite in 
miorostructure, in spite of a high Hv hardness of 1 88 to 325, the steels bring about excellent drill life and exhibits good 
"chip disposabifity." Also, the steels exhibit excellent machinability on turning; specifically, a tool wear on turning of less 

45 than 200 urn. The stsels exhibit an fn3 value of 54 to 99, which meets a required fn3 value of not greaterthan 1 00, indi- 
cating that they have sufficient toughness; specifically, a jEffr of not less than 40J. Furthermore, the steels of test Nos. 
46 to 68 and 70 exhibit an fn5 value of not greaterthan 100, indicating that the stsels have an yE^ of not less than 
20J; i.e., excellent toughness at low temperature. 

[01 1 5] Particularly, in the case of the stee Is of test Nos. 48, 4S, 56 to 58, and 61 to 70, which satisfy the requirement 
so for Inclusions that the fn4 value be not less than 5.0, an anomalous magnetic particle pattern— a pattern of magnetic 
particles formed in association with a crack present Dn or immediately below the surface of a steel— was not observed 
not only in a magnetic particle testing conducted after hot forging but also in one conducted after surface hardening 
through carburizing or induction hardening. By contrast, among the steels having an fn4 value Df less than 5.0, those of 
test Nos. 54 and 60 were free of streaks in observation after hot forging, but exhibited an anomalous magnetic particle 
65 pattern derived from surface hardening in some cases. 

[0116] Steels F16 and HI of test Nos. 71 and 84 contain component elements such that their amounts fall within 
the corresponding ranges specified in the present invention, and satisfy the requirement for the fn1 vaiue specified in 
the present invention (see Tables 1 0 and 1 2}; however, the fn2 value falls outside the corresponding range specified in 



ep i os9 -mm 

th° present invention, indicating that "chip disposability" thereof is relatively low. 

f0117] e of the steels of es1 - to 8 snd85t 3 tl a yon r > tent of a certain co 

11 eme t the fnt value, the fn2valu >nd the p ( entage of ferrlte in ml tn e Is * he com 
r , SDE d cn s a result, the steeisexh lively low Hv hardness of 138, the 

nSer of driLLes less than" 150 indicating decreased drill life, cr low ^'P^^.^^SSd 
[01181 Steel J1 of test No. 92 cdrresponos to the conventional -esuifunzedfree-cutting etee J an .a is thus such ft* 
hTsi content falls outside the corresponding ™ g e specified in the P^^^^f^^^^l 
outside the correspond rarge speeded in the present invention, resulting in decreased*!! life; specially, a 
number cf drilled hoies of 94. Furthermore, the amount of toe, wear on turning is in excess erf goog ; & 
[0119] As mentioned previously, steels Q10 and Gil suffered cracking ,n the course of hot forgrnS- Thus steels 
G10 and G1 1 were subjected only to the microstructure observation for measurement of the percentage of terrtte ana 
judgement on microstructure. Othertests were not conducted on the steals. 

Example 4 

[01201 Various steels having a variable Mn content anda basic chemical composition of 0.15%C-1 .0%Si-0.02S%S- 
0.5%Cr-0.01%Al "J 005%N Q.C2%P were smelted by use effhe , 50 kg vacuum smelter. 

im ?U Next, thee steel in is were not-forged ir ha manner a o be heata -at mp* tu . c , nd 
Henb n ed temperature of 1000<C or higher by obtaining rou re, each ha S a diameter of 60 ^ 
The hot-forged round bar, were air-cooled so as to simulate a process for manufacturing non-heat treatment type 

££j TttttrH^ptalne*^ 

mm depth was drilled diametraliy in each of the round bars under the same d J if ' 

[61231 FIG. 3 shows the effect of the Mn content on the number of drilled holes ind.cative of drill life. 

ESS! As shown in FIG. 3, the lower the Mn content, the greater the number of dnlted holes; ,.e., mach.nab.fity 

improves. 

Example S 

[01251 Various steels having a variable Mn content and a basic chemical composition of 0.43%C-1 .0%SI-0.05%S- 
0.5%Cr-0.01 %AI-0.005%N-0.02%P were smelted by use of the 1 50 kg vacuum^mPit- 
£0126] 



«sesUgotewerena^ 



61 Next, tnese sieei myuia bhc i™ ^<v~ — .- ... ... ■ ^ . 

then be finished at a temperature of 1000°C or higher, thereby obtaining round bars, each hav.ng a diamet er - oi 
The hot-forged round bare were Pooled so as to simulate a process for manufacture non-heat treatment type 

SSi The thus-obtained round bars of a 60 mm diameter were examined for inclusions in a manner similar to that 
Kmple^ 

anal with the hot-forging direction while the R/2 position was located at the center of the test p®ce. ^« »u«bte™d 
L-Lion on each cfthe test pieces was mirror-like polished. The mirror-like polished surface of each of the test pieces 

observed by fiOfieids of view through an optical microscope at 400 magnifications so as to ramro mdu-ons. 
[0128] FIG. 4 shows the effect of the Mn content on fining of inclusions. 
[0129] As shown in FIG. 4, the lowerthe Mn content, the greater the fn4 value. 

Example 6 

[0130] Various steels having a variable Si content and a basic chemical composition of 0.43%C-0.6%Mn-Q.04%S- 
0 5%Cr-0.01 %A!-0.005%N-0.02%P were smelted by use of the 150 kg vacuum smelter. 

[0131] Next, these steel ingots were hot-forged in such a manner as to be heated to a temperature o 1250 ,C and 
then be finished at a temperature of 1 00O-C or higher, thereby obtaining round bars, each having a diameter of 60 mrm 
The hot-forged round bars were air-cooled so as to simulate a process for manufacturing non-heat treatment type 

[0132] The thus-obtained round bars of a 60 mm diameter were subjected to a drilling test, in which a hole , of -a 50 
mm depth was drilled diametraliy in each of the round bars underthe same conditions as those of Example 1 . Further- 
more, the round bars were subjected to a turning test conducted under the same conditions as those ^ Example 1 
[0133] FIGs. 5 and 6 show the effect of the Si content on the number of drilled holes .ndscatjve of drill Irfe and the 
amount of tool wear on turning. , . . n .„ v r 

T0134] As shown in FIGs. 5 and 6, in the case of the steels having a basic chem.cal com P os,tion of 0,43 / C- 
0.6%Mn-0.04%S-0.5%Cr-0.01%AI-0.005%N-0.02%P, when the Si content becomes 0.50% or higher, the number of 
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drilled holes exceeds 1 SO, and the amount of tool wear on temtng debases to 2W or lass. However, when the S 
content exceeds 2.5%, these characteristics deteriorate shacply. 



INDUSTRIAL APPLICABILITY 
135] Having excellent mad 

J IT^Tr ? S^Ssi^-S n,ng of the stee, product forrnachine structural u, 



rniasi Havlno excellent machinability and hardness, a Steel product for machine structural use of the present inven- 
tion 1 be Ze 9 dTS stock for situ*, steel parts fo- machinery Wrious ^ct^lstee, par, for mach.nery 



1. Asteel product for machine structural use having a chemical ^^^^ ZT^^Xo^ 
too 55%; Si: o,50% to 2.5%; Mn: 0.0i%to2.00%; P: not greater than 0.035%; S: 0 -^%to0.2A,Cu.0/oto 
m w £ » o%- cr 0% to 2 0%- Mo- 0% to 1 .5%; V: 0% to 0.50%; Nb: 0% to 0.1 %; Ti: 0=4 to less than 0.04%, B. 

* "<* ^ater than 0.015%; Bi: 0% to 0.10%: Ca: 0% to 0 05%; Pb: 0% 
i a JiM 0%to 0 06%' Nd- 0%to 0.05%; Se: 0% to 0.5%; value of fn1 represented oy equat.on (1) below: not 
ess han vie of ^presented by equation (2, below: not less than S.O; and balance: Fe and Incidental impu- 

350; 

fn1 = -23C + Si(5 - 2Si) - 4Mn + 1 04S - 3Cr - 9V + 1 0 CO 

fn2 = 3.2C + 0.8Mn + 5.2S + O.SCr - 1 20N + 2.6Pb + 4.1 Bi - 0.001 a 2 + 0.1 3a (2) 

where an element symbol appearing in equation (1) or (2) represents the content in mass percent of the corre- 
sponding £5. and « resents the area percentage in % of the ferrrte phase in the n— ucture. 

2. Asteelproducttormachiitosm^^ 

a value of fn3 represented by equation (3) below is not greater than 100, 

fn3 = 100C + 11Si + 18Mn + 32Cr + 45Mo + 6V ( 3 > 
where an element symbol appearing in equation (^represents the content in mass percent of the corresponding 



35 3 . A steel product for machine structural use as described in claim 2, wherein a value of fn4 represented by equation 
(4) below is not less than 5.0, 

fn4 = ni /n g < 4 > 

40 where „ represents the number of inclusions having a maximum diameter of 0.5 ^ J^^^JJJJ 
the number of inclusions having a maximum diameter in excess of 3 urn as observed «n a longrtudmal section of the 
steel product. 

45 4. Asteelproductformachinestructu^ 
tion (5) below is not greater than 100, 

f n5 _ a7C + 7Si + 1 OMn + 41 Cr + 1 5Mo + 50V ( 5 ) 



where an eiement symbol appearing in equation (5) represents the content in mass percent of the corresponding 
element. 

5. A steel product for machine structural use as described in claim 1 , wherein an Mn content is 0.15% to 2.00%; an S 
content is more than 0.080% to 0.2%; and a value of fn1 represented by equation (1 ) is not less than 7.5. 

6. A structural steel part for machinery manufactured from asteel product for machine structural use as described in 
any one of claims 1 to 5. 
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